Objective: This study evaluated the safety and operative utilities of the laparoscopic gastric mobilization compared with hand-assisted laparoscopic gastric mobilization. Patients and Methods: From April 2010 to November 2015, 125 patients with esophageal cancer have been performed laparoscopic mobilization; 33 under hand-assisted laparoscopic gastric mobilization (HLG group) and 92 under laparoscopic gastric mobilization without hand-assisted technique (LG group). Preoperative data and surgical outcomes of 2 groups were compared. Results: Preoperative data were not significantly different except for BMI. Operation time in abdominal procedure of LG group is significantly longer than HLG group (P < 0.0001). Otherwise, the blood loss and number of dissected nodes of abdominal procedure was not significantly different in two groups. The perioperative blood transfusions were needed in 7 cases (21.2%) in HLG group and 25 (27.1%) in LG group. The postoperative complications and mortality within 30 days after surgery were not significantly different in two groups. The length of hospital stay was 29 days in HLG group and 31 days in HG group, respectively. Conclusions: Our results suggested that laparoscopic gastric mobilization was safe technique and the short-term operative outcomes were comparable with that of hand-assisted laparoscopic mobilization.
Introduction
Esophagectomy combined thoracotomy with laparotomy for esophageal cancer is associated with high rate of morbidity and mortality because of high invasive surgical procedure [1] [2] . So, minimally invasive esophagectomy (MIE), included thoracic esophagectomy with mediastinal lymph node dissection under thoracoscopy and gastric mobilization with abdominal lymph node dissection under laparoscopy, have been widely recognized due to less postoperative wound pain and early recovery from postoperative status [3] - [6] . However, many clinical questions about MIE are still debated because of lack of randomized study compared with open surgery.
In the abdominal part of esophagectomy, several authors described the clinical utilities of hand-assisted laparoscopic gastric mobilization, such as less blood loss and low incidence of postoperative pneumonia [7] [8] . However, few reports about clinical utilities laparoscopic gastric mobilization without hand-assisted technique were shown [9] - [11] .
We have adopted thoracoscopic esophagectomy in left lateral decubitus position with artificial pneumothorax for esophageal cancer from April 2010 [12] . At the time of introducing of thoracoscopic esophagectomy, we have also introduced hand-assisted laparoscopic gastric mobilization (HLG). However, hand-assisted technique required the small laparotomy tailored to each operator's hand size. Therefore, we improved the laparoscopic gastric mobilization without hand-assisted technique (LG) from December 2012 for the purpose of less surgical trauma. The aim of this study was to evaluate the safety and short-term operative outcomes of LG compared with HLG.
Patients and Methods
From April 2010 to November 2015, thoracoscopic esophagectomy have been indicated in 140 patients with esophageal cancerin our department. In these patients, laparoscopic gastric mobilization has been performed in 125 (89%). Our indications of laparoscopic gastric mobilization are patients with no previous abdominal operation and using gastric tube for esophageal substitute. These patients were divided into two groups chronologically; 33 patients who performed hand-assisted laparoscopic gastric mobilization were classified in HLG group and 92 patients who performed laparoscopic gastric mobilization were classified in LG group. The patients' clinical records were reviewed to analysis preoperative data between two groups. Operative time, estimated blood loss, number of harvested lymph node and blood transfusion required were collected based on operation records. The duration of hospital stay after surgery, mortality and major morbidity, such as anastomotic leakage, respiratory failure and hemorrhage, were compared. The pathological stage was described according to Japanese classification of esophageal cancer [13] [14] .
Our technique of thoracoscopic esophagectomy under left lateral decubitus position with artificial pneumothorax and its clinical utilities have been well documented previously [12] . Our procedure of laparoscopic gastric mobilization and abdominal lymphadenectomy are as follows. The patients were positioned in a 20-degree anti Trendelenburg and split leg position with the operating surgeon on the right side of the patients, the first assistant surgeon on the left, and camera assistant in the middle. Under general anesthesia, a 10-mmHg pneumoperitoneum is induced by a 12-mm trocar at the umbilicus via the open technique. Additional 5 trocars using three 5-mm trocar and two 12-mm trocars were introduced for access the abdominal cavity (Figure 1) . The lateral lobe of the liver was retracted upward using Silicone Disk method described previously [15] .
At first, the lesser omentum is divided along the attached point of the liver toward the diaphragmatic hiatus. The stomach is pulled up with atraumatic instruments and retrogastric tissues are divided. The lymph node along the common hepatic artery, the celiac axis and proximal splenic artery were dissected along each artery. The left gastric vein divided, and the left gastric artery were exposed and double clipped with dissection of the left gastric artery lymph nodes toward the right crus of the esophageal hiatus.
After drawing the isolated thoracic esophageal specimen with dissected thoracic lymph nodes through esophageal hiatus, short gastric vessels were divided from cranial side the splenic hilum toward the left gastroepiloic vessels. The esophageal hilum was closed by running suture using V-loc wound closure device (Covidien, Norwalk, CT, USA).
The greater omentum was divided along 3 cm from the gastroepiploic arcade using ultra sonic scalpel (Echicon EndoSurgery Inc, Cincinnati, OH, USA). After the left gastroepiploic vessels were divided, we turned backward to the right gastroepiploic vessels and carefully preserved. We do not perform the pyloroplasty and Kocher maneuver. Gastric conduit of 3 cm in width was created outside a 4 cm upper midline skin incision. The lesser curvature was skeletonized in preparation for stapling. The first stapler, curved linear 60-mm endostapler (Covidien, Norwalk, CT, USA), was fired just below the angle of the lesser curvature. Then, three or four additional staplings were performed paralleled the greater curvature. The gastric tube was pulled up gently through the retrosternal route. Esophago-gastric anastomosis was performed by end to end fashion with our original modified trianglestapling technique [16] .
Statistical Analysis
The Mann-Whitney U test was used to analyze the correlations among the continuous variables for each group. The Pearson chi-squared test was applied to qualitative variables. P values < 0.05 were considered significance. Data analysis was performed using Graph Pad Prism 6 for Mac OS X.
Results
Clinical characteristics and operative outcomes of each group were shown in Table 1 . There were no significant differences in preoperative characteristics including age, gender and ASA score, between two groups. Preoperative BMI was significantly lower in LG group (P = 0.0194). One case of HLG group was converted to open surgery and 1 case of LG group was converted to hand-assisted laparoscopic technique, respectively. Total and abdominal operation times were significantly longer in LG group (P = 0.0121 and P < 0.0001). Otherwise, the estimated blood loss and harvested lymph nodes in abdominal part of esophagectomy were not different.
The cases that required perioperative blood transfusion were 7 in HLG group (21.2%) and 25 in LG group (27.2%), respectively. The rate of postoperative complications, such as anastomotic leakage, pneumonia and surgical site infection, revealed no significantly different between 2 groups. The length of hospital stay was 29 days in HLG group and 31 days in LG group (P = 0.7643).
Discussion
Although, esophagectomy with extended lymph node dissection and reconstruction is highly complex associated with significant postoperative complications, this procedure is widely recommended for curative intent for resectable esophageal cancer [1] [2] . Abdominal part of esophagectomy for esophageal cancer includes gastric mobilization with abdominal lymphadenectomy and creating esophageal conduit. Conventionally, gastric mobilization was performed under laparotomy. However, laparotomy related decreased QOL, high rate of surgical site infection and less cosmetic results. To solve these problems, laparoscopic procedure was proposed as an alternative choice for abdominal part of esophagectomy.
Laparoscopic operation has been widely recommended various gastrointestinal diseases with the development of surgical instruments and laparoscopic optical devices. The laparoscopic procedure could improve the postoperative clinical course, reduces the incidence of postoperative pneumonia and surgical site infection compared with open procedure [17] [18] . Furthermore, laparoscopic procedure is able to protect the gut drying and reduce the abdominal well trauma [19] . From these clinical benefits, the indications of laparoscopic procedure have been extended the several gastrointestinal diseases. In esophagectomy for esophageal cancer, several minimally invasive approaches have been described so far. Osugi H et al. reported the clinical benefits of thoracoscopic esophagectomy with mini thoracotomy followed by gastric mobilization under laparotomy [20] . They concluded that thoracoscopic esophagectomy can reduce the postoperative pulmonary dysfunction and potentially reduces morbidity than the open operation. Hsu PK et al. described that perioperative benefit of thoracoscopic esophagectomy included fewer postoperative complications and shorter ICU stays [21] . Furthermore, few randomized study of comparison minimally invasive esophagetomy with open esophagectomy has been reported [2] [4]. MIRO-trial shows the minimally invasive esophagectomy related to lower intraoperative blood loss, lower pulmonary complication and less wound pain. However, the operation time of minimally invasive technique is significantly longer than that of open procedure, and mortality is not significantly different in two procedures. In Japanese nationwide study, the minimally invasive esophagectomy related longer operation time and less blood loss [22] . However, incidence of anastomotic leakage and reoperation rate within 30 days were significantly higher in the minimally invasive esophagectomy than in the open esophagectomy. For the time being, the advantages of minimally invasive technique in esophagectomy over open surgery are still debatable. In Japan, abdominal part of esophagectomy is performed conventional laparotomy or hand-assisted laparoscopic technique in many institutions [5] [8] . Clinical benefits of hand-assisted laparoscopic gastric mobilization over open surgery have been demonstrated in some reports. Oshikiri et al. reported that HALS had advantages in terms of less-restrictive ventilatory improvement, fewer subsequent pulmonary complications and less blood loss [8] . In French nationwide study, laparoscopic gastric mobilization in esophagectomy is significantly reduced the postoperative mortality than open gastric mobilization [23] . Usually, laparoscopic procedure related to less trauma and low blood loss in spite of longer operation time. The amount of estimated blood loss closely related to the perioperative blood transfusion. The allogenic blood transfusion is obvious risk factor of worse prognosis and postoperative infectious complications [24] [25]. So, minimally invasive technique in esophagectomy may improve a prognosis of esophageal cancer from the perspective of avoidance of allogenic blood transfusion.
On the other hand, few reports described about clinical benefits of total laparoscopic gastric mobilization ( Table 2) . Lee JW reported the comparison of surgical outcomes in total laparoscopic gastroplasty with that of open method [10] . They showed that the postoperative complications and hospital stay were most significantly different between two groups. Kitagawa H et al. reported the technical feasibility of esophagectomy with regional lymphadenectomy combined with total laparoscopic gastric mobilization [9] . They reported that the operation time in abdominal stage of total laparoscopic gastric mobilization is longer than that of open procedure, ICU stay is shorter and postoperative pulmonary function was well preserved in total laparoscopic gastric mobilization. Total laparoscopic gastric mobilization have many clinical advantages over open procedure, such as less surgical trauma, decreased pulmonary dysfunction and shorter ICU stay. However none the report have been described the surgical outcomes of laparoscopic gastroplasty compared with that of hand-assisted laparoscopic gastroplasty so far. Our study shows the clinical outcomes of LG were comparable with that of hand-assisted technique except for longer operation time. In this reason, the LGM was adopted the standard surgical procedure in minimally invasive operation for esophageal cancer in our institution.
Conclusion
Our results suggested that the short-term clinical and surgical outcomes of laparoscopic gastric mobilization were comparable with that of hand-assisted technique. However, there is no clear evidence of clinical advantages of laparoscopic gastric mobilization because of lack of randomized study.
